Introduction
============

Trauma is the first leading cause of mortality all over the world and most of the victims are among people aged 14--44 years.[@b1-oaem-11-009] In 2015, WHO reported that accidents were responsible for 8.1% of deaths in Iran.[@b2-oaem-11-009] Also, surveys have shown that abdominoplevic trauma is a main cause of morbidity and mortality in trauma patients.[@b3-oaem-11-009] Patients are referred to emergency department because abdominal trauma may have vague symptoms and signs, and estimating of the severity of injury through abdominal examination is difficult and is not reliably possible.[@b4-oaem-11-009]--[@b6-oaem-11-009]

The benefit of serial hematocrit measurement for diagnosis of intra-abdominal injuries has been assessed in some studies and it can be used as a screening tool in trauma patients.[@b7-oaem-11-009],[@b8-oaem-11-009] Zehtabchi et al found that a change in hematocrit of \>5 points in 4 hours predicted serious injury.[@b7-oaem-11-009] Another study that was performed in patients with penetrating trauma stated that a hematocrit change of 6.5 points at 15 minutes predicts significant injury.[@b8-oaem-11-009]

The aim of the present study was to evaluate whether serial hematocrit testing could precisely predict intra-abdominal injuries in blunt abdominal trauma patients.

Materials and methods
=====================

Design and ethics
-----------------

This prospective study was performed on patients admitted to emergency department of Firoozgar University Hospital from May 1, 2014 to April 31, 2016. Firoozgar Hospital is a teaching hospital located at downtown of Tehran, Iran, as a level I trauma center. The ethics committee of Iran University of Medical Sciences approved the study.

Participants
------------

We enrolled patients referred to emergency department with blunt trauma after obtaining written informed consent form from all patients. This study was conducted in accordance with the Declaration of Helsinki. All types of trauma such as motor vehicle collision, falling from height, and fighting were included the study. Exclusion criteria were patient death before completion of evaluations, penetrating abdominal trauma, necessity for blood transfusion in the first 6 hours of admission, abnormal electrocardiogram, abnormal head computed tomography (CT) scan, Glasgow Coma Scale score \<14, injuries resulting in immediate transferring to operation room before 6 hours.

Process and assessment
----------------------

In our emergency department the trauma patients are managed according to advanced Trauma Life Support instructions and algorithms. The primary and secondary surveys were done by emergency medicine residents supervised by emergency medicine attendings. The focused assessment with sonography for trauma (FAST exam) and chest radiography were done as an adjunct to primary survey. General surgeon, neurosurgeon, and orthopedic surgeon visited the patients if needed.

In our emergency department, the trauma patients are allocated to subacute and acute area according to severity of trauma and observed by emergency medicine residents. Other ancillary tests such as supplementary radiographies and laboratory tests are pursued in those areas. As part of the observation, especially surgeons, checked hematocrit levels every 6 hours to aid in the detection of occult hemorrhagic injuries that may not have been identified in the initial trauma assessment by FAST exam and CT scanning. Physicians might order spiral abdominopelvic CT scans with intravenous contrast for some trauma patients who had indication according to trauma guidelines or their judgments.

Post graduate year 3 emergency medicine residents reviewed all diagnostic and therapeutic processes of admitted trauma patients. They recorded patient characteristics, injuries, hematocrit levels, length of stay, results of FAST exam and spiral abdominopelvic CT scanning. Also the adverse outcomes including instability of vital signs, advanced airway management (intubation), death, and whether these patients were discharged from the hospital or admitted to an inpatient ward were also recorded. Significant intra-abdominal injury was defined as any injury detected during observation period that required operative repair or hospitalization in an inpatient ward.

Patients were considered to have a hematocrit drop of 5 points or more if any of the hematocrit levels after the initial hematocrit level (which was drawn on patient's ED admission) was 5 points or more lower. We used a hematocrit decrease of 5 points or more based on the previous study that established this threshold as a predictor of intra-abdominal injury.[@b7-oaem-11-009] We also considered a hematocrit drop of 10 or more to assess whether the diagnostic values changed or not.

We also followed up patients to identify outcome 30 days after trauma. The hematocrit drop and its relationship with the results of ultrasound and CT scans were assessed to determine the diagnostic values (sensitivity and specificity) of these drops.

Statistics
----------

All statistical analyses were performed using SPSS 16.0 (SPSS Inc. Chicago, IL, USA). Quantitative descriptive data were reported using mean with 95% CI. To determine the diagnostic value of hematocrit drop in trauma patients, indicators of sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and positive and negative likelihood ratio were calculated. The level of significance was considered \<5%.

Results
=======

During the study period, 617 patients were admitted to the observation unit, and 524 patients (85%) had at least two hematocrits results between their initial evaluation and their observation unit stays. The observation unit trauma protocol called for hematocrit levels to be drawn every 6 hours. All the patients observed in this unit suffered from isolated sustained blunt trauma. The most common specific mechanism was motor vehicle accident (331/524, 63.2%). Of the patients, 79.2% were male, and average age was 32.3 years (median age, 24 years; [Table 1](#t1-oaem-11-009){ref-type="table"}).

All patients had received primary and secondary trauma surveys, including FAST exam and CT scanning per the trauma team discretion. All the trauma patients had a FAST Exam (initially and serial according to the severity of injury and order of attending physician), and of these, 92 patients (17.6%) had positive FAST (free fluid in abdomen or pelvis cavity). One hundred seventy-five patients (32.29%) had a CT scan of the abdomen and pelvis performed before admission to the observation unit and of these 90 patients (17.2%) had a positive scanning and showed intra-abdominal or pelvis injuries or hematoma ([Table 2](#t2-oaem-11-009){ref-type="table"}).

The average changes in hematocrit were a decrease of 3.64% (median, 3% decrease).

Of the 524 patients, 86 (16.41%) had a hematocrit drop of 5 points or more during their observation unit stay. The hematocrit drop of 10 points or more was seen in 38 patients (7.25%). Comparison between patients with a significant hematocrit drop (≥5% and ≥10%) and those without are listed in [Table 2](#t2-oaem-11-009){ref-type="table"}.

Thirty-three (38.4%) of patients with a hematocrit drop of 5% or more had an abnormal FAST exam vs 59 (13.5%) of patients without a significant hematocrit drop (*P*=0.324; OR =1.27; 95% CI, 0.792--2.039). In patients with a hematocrit drop of 10 points or more, 30 (78.9%) patients had an abnormal FAST vs 62 (12.7%) of patients without a significant hematocrit drop (*P*\<0.001; OR =6.72; 95% CI, 3.779--11.964).

Thirty-three (38.4%) of patients with a hematocrit drop of 5% or more had abnormal CT scans vs 57 (13.0%) of patients without a significant hematocrit drop (*P*=0.263; OR =1.325; 95% CI, 0.824--2.130). In patients with a hematocrit drop of 10% or more, 30 (78.9%) patients had abnormal CT scans vs 60 (12.3%) patients without a significant hematocrit drop (*P*\<0.001; OR =6.983; 95% CI, 3.918--12.446; [Table 3](#t3-oaem-11-009){ref-type="table"}).

In our study, trauma patients who had intra-abdominal injuries seen in CT scan images were admitted to intensive care units (ICUs) or sent for laparotomy. Thus, we can conclude that an Hct drop of 10% or more was associated with ICU care or laparotomy (*P*\<0.001).

This study showed that a hematocrit drop of 5% or more has 35.87% sensitivity, 69.45% specificity, 20% PPV, and 83.56% NPV for abnormal FAST. The sensitivity and specificity for abnormal abdominopelvic CT scanning were 36.67% and 69.58%, respectively, and PPV and NPV for abnormal abdominopelvic CT scanning were 20.0% and 84.12%, respectively ([Table 4](#t4-oaem-11-009){ref-type="table"}).

According to the results of this study, the hematocrit drop of 10% or more had 32.61% sensitivity, 93.29% specificity, 50.85% PPV, and 86.67% NPV for abnormal FAST exam, whereas, the sensitivity, specificity, PPV, and NPV for abnormal abdominopelvic CT scanning were 33.33%, 93.32%, 50.85%, and 87.10%, respectively ([Table 4](#t4-oaem-11-009){ref-type="table"}).

We used analysis of ROC curves to test the diagnostic performance of drop in hematocrit in predicting abnormal FAST examination and CT scanning in the study subjects. In this analysis, the area under the ROC curve was significantly different (*P*\<0.001) from the unity line. Patient records were reviewed for 30 days after the observation unit visit. Only nine of these cases (1.7%) have died during stay in observation unit or the admitting service within 30-day follow-up. Eight of them (89%) suffered from intra-abdominal injuries (free fluid in FAST exam and CT scan images) and admitted to ICUs or operation room. We compared the hematocrit drop after 6 hours in survivors and nonsurvivors and found that there was no significant differences between the two groups (−3% vs −3.64%, *P*=0.642; [Table 2](#t2-oaem-11-009){ref-type="table"}).

Discussion
==========

Currently, physical examination and imaging studies such as extended FAST and CT in trauma patients apply to determine the severity of injuries and blood loss, but in certain cases the diagnosis can be challenging.

Recently, bedside ultrasound in the initial assessment of trauma patients plays a significant role,[@b9-oaem-11-009]--[@b11-oaem-11-009] and it's sensitivity and specificity for the presence of intra-abdominal fluid in patients suffering from trauma is acceptable (75%--93.8% and 97%--100%, respectively).[@b3-oaem-11-009],[@b6-oaem-11-009] However, serial ultrasound examination may be needed in some situations[@b11-oaem-11-009],[@b12-oaem-11-009] and of course ultrasound is an operator-dependent modality.

Serial hematocrit measurements are one of current screening tests as part of the trauma assessment. The aim of serial hematocrit testing is to detect occult, and may be serious intra-abdominal injuries. However, dilution of blood due to infusion of intravenous fluids may decrease the diagnostic value of dropped hematocrit (DHct). Thus, we designed this study to test the diagnostic performance of DHct in a population of trauma patients. The operating characteristics of an efficient screening test require a high sensitivity and a low likelihood ratio of a negative test. These qualities will allow a negative screening test to strongly rule out patients for the disease in question.

In the present study, there was no significant difference between the normal and abnormal FAST examinations and CT scanning for DHct-6 h \>5 points. The sensitivity of DHct-6 h \>5 points in predicting normal FAST examination and CT scanning was low. Meanwhile there was a significant difference between the positive and negative FAST examinations and CT scanning for DHct-6 h \>10%. Using a cutoff for DHct-6 h of 10% could not improve the sensitivity. Likelihood ratios using DHct-6 h of \>10% had a higher +LR and a lower --LR in detecting positive FAST examination and CT scanning.

Previous studies have assessed DHct within 1 hour after blood loss.[@b8-oaem-11-009],[@b13-oaem-11-009]--[@b14-oaem-11-009] Paradis et al[@b8-oaem-11-009] reported a sensitivity of 20% and 27% for DHct 15 and 30 minutes after ED arrival, respectively. Kass et al[@b14-oaem-11-009] reported a sensitivity of \>90% for DHct, 30 minutes following phlebotomy of 500 mL in healthy individuals. We chose 6-hour intervals to measure DHct. According to our analysis, DHct-6 h \>5 points, and DHct-6 h \>10 points showed low sensitivity in predicting abnormal FAST examination and CT scanning.

While the DHct proved to have a relatively low sensitivity, their specificity especially in DHct-6 h \>10 points was quite high. These findings indicate that DHct could be a powerful test for ruling in abnormal FAST examination and CT scanning which could be indicative of major injury. A similarly high specificity was also found by Paradis et al.[@b7-oaem-11-009]

In summary, we showed that a drop in Hct greater than 5 and especially 10 points after 6 hours has a high specificity (\>93%) and a high likelihood ratio for a positive test (4.7). A trauma patient who drops his/her Hct more than 5 or 10 points in 6 hours, compared with the one without a similar drop, has much higher odds of having major injury.

The low sensitivity and likelihood ratio of a negative test for the drop in hematocrit greater than 5 or 10 points indicates that these tests cannot be used to reliably rule out abnormal FAST examination and CT scanning which could be indicative of major injury. Trauma patients with DHct \<5 or 10 points have approximately the same odds of having positive FAST examination and CT scanning.

There are several limitations to our study. The study analyzed a special section of trauma patients and our data represent only a portion of our hospital's total trauma admissions. We excluded the severely injured patients with multiple organ involvement or unstable patients who received blood transfusion in order to more accurately study the effect of hemorrhage on hematocrit measurement. This exclusion, although inevitable, resulted in the elimination of a significant number of patients with major injury. Similarly, only the data of patients who stayed in the ED for 6 hours were analyzed; patients who were transferred to other units, such as the operating room, were not included in this analysis.

Conclusion
==========

At a level I trauma center, in which patients receive a trauma evaluation and diagnostic testing before admission to the observation unit, the use of routine serial hematocrit testing as a screening tool during observation rarely provides additional diagnostic information. But in hospitals where emergency physicians or surgeons do not have access to CT scan machine, monitoring Hct changes can be helpful. We conclude that a drop in Hct of more than 10% during the first 6 hours is suggestive of positive imaging relative to major trauma (high specificity and +LR). However, the drop of Hct less than these degrees cannot be used to rule out abnormal imaging or major injury (low sensitivity and −LR).
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###### 

Data of patients

  Characteristics            Results, n (%)
  -------------------------- ----------------
  Age (years), mean±SD       32.27±16.39
  Sex (male)                 415 (79.2)
  Injury mechanisms          
   Motor vehicle accident    331 (63.2)
   Falling down and others   193 (36.8)

###### 

Comparison of patients with positive FAST and abdominal CT scanning and hematocrit change of 5 and 10 or more

  Characteristics                                               Results
  ------------------------------------------------------------- ------------
  FAST exam (positive)                                          92 (17.6)
  Abdominal CT scan (positive)                                  90 (17.2)
  Hematocrit drop (≥5)                                          86 (16.41)
  Hematocrit drop (≥10)                                         38 (7.25)
  Final outcome (within 30 days of the observation unit stay)   
   Alive                                                        515 (98.3)
   Dead                                                         9 (1.7)

**Note:** Values are in n (%).

**Abbreviations:** CT, computed tomography; FAST, focused assessment with sonography for trauma.

###### 

Relationship of patients with hematocrit change of 5 and 10 or more vs those without change with positive FAST and abdominal CT scanning

  Characteristics                   N (%)        *P*-value   95% CI          OR
  --------------------------------- ------------ ----------- --------------- -------
  Hematocrit change of 5 or more                                             
   FAST exam (positive)             33 (20.0)    0.325       0.792--2.039    1.271
   Abdominal CT scan (positive)     33 (20.0)    0.263       0.824--2.130    1.325
  Hematocrit change of 10 or more                                            
   FAST exam (positive)             30 (50.8)    \<0.001     3.779--11.964   6.724
   Abdominal CT scan (positive)     415 (50.8)   \<0.001     3.918--12.446   6.983

**Abbreviations:** CT, computed tomography; FAST, focused assessment with sonography for trauma.

###### 

Predictive values of hematocrit drop of 5 and 10 or more in positive FAST and abdominal CT scanning

  Characteristics                   Sensitivity   Specificity   PPV     NPV     LR+    LR−
  --------------------------------- ------------- ------------- ------- ------- ------ ------
  Hematocrit change of 5 or more                                                       
   Positive FAST                    35.87         69.45         20.0    83.56   1.16   0.93
   Positive abdominal CT scanning   36.67         69.58         20.0    84.12   1.18   0.91
  Hematocrit change of 10 or more                                                      
   Positive FAST                    32.61         93.29         50.85   86.67   4.71   0.72
   Positive abdominal CT scanning   33.33         93.32         50.85   87.10   4.76   0.72

**Abbreviations:** CT, computed tomography; FAST, focused assessment with sonography for trauma; NPV, negative predictive value; PPV, positive predictive value.
